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(g) Solid state imaging device with electronic shutter. 

(57) A solid state imaging device includes an im- 
age sensor having a two-dimensional matrix of 
picture elements. A first vertical scanning cir- 
cuit provides a first vertical scanning signal, 
while a second vertical scanning circuit pro- 
vides second and third vertical scanning sig- 
nals. A switching circuit is coupled with 
horizonal lines of picture elements in the image 
sensor on one vertical side of the two-dimen- 
sional matrix and serves to switch either the 
first vertical scanning signal from the first verti- 
cal scanning circuit to the horizontal lines of 
picture elements, or in the alternative, the sec- 
ond and third vertical scanning signals from the 
second vertical scanning circuit thereto. When 
selected by the switching circuit, the first verti- 
cal scanning signal reads the picture elements 
in a respective horizontal line and a horizontal 
scanning circuit scans the picture elements in 
the selected horizontal line to read image sig- 
nals from these picture elements. The second 
vertical scanning signal, when selected by the 
switching circuit, serves to reset the picture 
elements of the line which has been read, while 
the third vertical scanning signal serves to reset 
the picture elements in a different selected 
horizontal line. 
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This invention relates to solid state imaging meth- 
ods and devices, and particularly to solid state image 
pick-up devices provided with an electronic shutter 
function, such as MOS-type and JFET-type solid 
state image pickup devices in which the picture ele- 
ments in each accumulate charge representing an im- 
age signal. 

Solid state image pickup devices, such as MOS- 
type and JFET-type image pickup devices, include an 
image sensor portion in which a plurality of picture 
elements are arranged in a two-dimensional matrix so 
that the picture elements are arranged both horizon- 
tally and vertically. Vertically aligned picture elements 
share a common vertical signal line. In operation, hor- 
izontal lines of picture elements are separately select- 
ed so that the charge accumulated in each element 
of the selected horizontal line is read via its corre- 
sponding vertical signal line. Typically, the read proc- 
ess is carried out by correlation double sampling 
(CDS) in which the charge accumulated in each pic- 
ture element is first read, then the element is reset, 
and finally an "empty signal" is read from the element 
to be subtracted from the image signal read prior to 
the reset (termed a "read reset" herein). The empty 
signal is a black reference, and by subtracting the 
empty signal from the previously read image signal, 
the effect of a dark current level in the respective pic- 
ture element is eliminated. 

Previously proposed solid state imaging devices 
employ a first vertical scanning circuit coupled with 
the various horizontal lines of the image sensor por- 
tion on a first vertical side thereof through a plurality 
of respective drivers and switching transistors. The 
first vertical scanning circuit selects the horizontal 
lines in succession for reading. A second vertical 
scanning circuit is coupled with the horizontal lines at 
a second vertical side of the image sensor portion 
through a different respective plurality of drivers and 
switching transistors. The second vertical scanning 
circuit serves both to select the horizontal line which 
has also been selected by the first circuit for reading 
in order to reset the picture elements of that line be- 
tween the reading of the image signal and the empty 
signal of each. The second vertical scanning circuit 
also applies a second reset signal to a second hori- 
zontal line spaced from the horizontal line being read 
by a predetermined number of lines. This second re- 
set is termed an "electronic shutter 4 *, since after each 
of the elements has been reset by the second reset 
signal, it accumulates a charge proportional to an 
amount of light received thereby until such time that 
the line thus reset is again selected for reading. 

In the previously proposed solid state image pick- 
up device as described above, the impedance en- 
countered during the read and reset of each horizon- 
tal line includes the on-resistance of both drivers as 
well as the on-resistance of both switching transistors 
on both sides of the line being read or reset. The rel- 



atively high level of impedance thus encountered lim- 
its the speed of operation of the image pickup device 
disadvantageously. 

In accordance with a first aspect of the present 
5 invention, a solid state imaging device comprises an 
image sensor including a two-dimensional matrix of 
picture elements arranged horizontally and vertically 
therein to form a plurality of vertically spaced horizon- 
tal lines thereof, the two-dimensional matrix of picture 
10 elements having first and second opposed vertical 
sides; the image sensor further including a plurality 
of vertical lines each coupling vertically disposed 
ones of the picture elements; a first vertical scanning 
means for coupling with the first vertical side of the 
15 two-dimensional matrix of picture elements for sup- 
plying a read scanning signal to the horizontal lines of 
picture elements for selecting the horizontal lines 
thereof in a predetermined order at a predetermined 
switching speed for reading image signals from the 
20 picture elements of the selected horizontal lines ac- 
cumulated therein; a horizontal scanning means for 
selecting individual ones of the picture elements in 
each horizontal line selected by the first vertical scan- 
ning means for reading the image signals accumulat- 
25 ed therein through the plurality of vertical lines; and 
a second vertical scanning means for coupling with 
the first vertical side of the two-dimensional matrix of 
picture elements for supplying first scanning signals 
to the horizontal lines of picture elements at the first 
30 vertical side of the two-dimensional matrix of picture 
elements for resetting the picture elements of the hor- 
izontal lines selected for reading by the first vertical 
scanning means, and for resetting the picture ele- 
ments of selected ones of the horizontal lines spaced 
35 from the ones thereof selected by the first vertical 
scanning means in a predetermined order and at a 
switching speed substantially the same as the prede- 
termined switching speed of the first vertical scan- 
ning means. Since the first and second vertical scan- 
40 ning means are coupled with the same vertical side 
of the two-dimensional matrix of picture elements, it 
is possible to dispense with the need for drivers and 
switches on both sides of the matrix, thus reducing 
the impedance encountered in reading and resetting . 
45 the picture elements. Moreover, the numbers of driv- 
ers and associated circuitry are thereby reduced. 

In accordance with another aspect of the present 
invention, a solid state imaging device comprises an 
image sensor including a two-dimensional matrix of 
50 picture elements arranged horizontally and vertically 
therein to form a plurality of vertically spaced horizon- 
tal lines thereof, the two-dimensional matrix of picture 
elements having first and second opposed vertical 
sides; the image sensor, further including a plurality 
55 of vertical lines' each * coupling vertically disposed 
ones of the picture elements; a first vertical scanning 
circuit operative to provide a first vertical scanning 
signal at an output thereof; a second vertical scan- 
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ning circuit operative to provide second and third vert- 
ical scanning signals at respective outputs thereof; a 
switching circuit coupled with the horizontal lines of 
picture elements at the first vertical side of the two- 
dimensional matrix and with the outputs of the first 
and second vertical scanning circuits, the switching 
circuit being operative to supply the first vertical scan- 
ning signal to the horizontal lines at the first vertical 
side during predetermined read periods to select first 
ones of the horizontal lines during respective ones of 
the predetermined read periods for reading the pic- 
ture elements therein; and a horizontal scanning cir- 
cuit operative to provide a horizontal scanning signal 
at a plurality of outputs thereof each coupled with a 
respective one of the vertical lines to successively se- 
lect picture elements in each of the selected first ones 
of the horizontal lines to read an image signal pro- 
duced thereby; the switching circuit being further op- 
erative to supply the second vertical scanning signal 
to the selected first ones of the horizontal lines at the 
first vertical side of the two-dimensional matrix during 
a reset period to reset the picture elements therein, 
and to supply the third vertical scanning signal at the 
first vertical side to second selected ones of the hor- 
izontal lines spaced from the selected first ones of the 
horizontal lines to reset the picture elements in the 
second selected ones of the horizontal lines. Since 
the first, second and third vertical scanning signals 
are supplied by the switching circuit to the same vert- 
ical side of the matrix, it is once again possible to 
avoid the need for drivers and associated circuitry on 
both sides of the matrix, thus to increase the space 
available for picture elements. In addition, the impe- 
dance encountered in reading and resetting the hori- 
zontal lines is advantageously reduced. 

In accordance with a further aspect of the pres- 
ent invention, a method of reading and resetting a sol- 
id state imaging device including an image sensor 
having a two-dimensional matrix of picture elements 
arranged horizontally and vertically therein to form a 
plurality of vertically spaced horizontal lines thereof, 
the two-dimensional matrix of picture elements hav- 
ing first and second opposed vertical sides, the im- 
age sensor further including a plurality of vertical 
lines each coupling vertically disposed ones of the 
picture elements, comprises the steps of: supplying a 
read scanning signal to the horizontal lines of picture 
elements through the first vertical side of the two-di- 
mensional matrix of picture elements for selecting the 
horizontal lines thereof in a predetermined order at a 
predetermined switching speed for reading image sig- 
nals from the picture elements of the selected hori- 
zontal lines accumulated therein; selecting individual 
ones of the picture elements in each horizontal line 
selected for reading the image signals accumulated 
therein through the plurality of vertical lines; supply- 
ing first reset scanning signals to the horizontal lines 
of picture elements selected for reading through the 



first vertical side of the two-dimensional matrix of pic- 
ture elements for resetting the picture elements 
thereof; and supplying second reset scanning signals 

5 through the first vertical side to the picture elements 
of selected ones of the horizontal lines spaced from 
the ones thereof selected for reading, in a predeter- 
mined order and at a switching speed substantially 
the same as the predetermined switching speed at 

w which the horizontal lines are selected for reading. 
Since the scanning signals are applied through a 
common side of the matrix of picture elements, it is 
possible to reduce the impedance then encountered 
as compared with previously proposed methods. It is 

15 likewise possible to implement the method of the 
present invention with the use of fewer drivers and as- 
sociated circuitry, thus to permit an increase in the 
number of picture elements employed in the image 
sensor portion. 

20 Preferred embodiments of the present invention 

overcome the shortcomings and disadvantages of 
previously proposed solid state image pickup devic- 
es. 

In embodiments of the present invention the 
25 number of drivers and associated circuitry necessary 
for scanning a solid state imaging device is reduced. 

Also, embodiments of the present invention allow 
an increase in the number of picture elements which 
may be fabricated on a single substrate of a solid state 
30 imaging device, thus improving the image resolution 
that may be achieved. 

Further, in embodiments of the present invention 
the impedance encountered in scanning a solid state 
imaging device is reduced, thus improving its speed 
35 of operation. 

As used herein, expressions such as "downward- 
ly", "upwardly" "upper", "lower", "above", "below", 
"horizontal" and "vertical", when referring to elements 
of the devices and methods disclosed and/or claimed 
40 herein are used in this application to express relative 
positions and directions, rather than positions and di- 
rections with respect to a fixed reference. It is intend- 
ed that these terms should be broadly construed. 
Their use herein is for convenience and to promote a 
45 clear understanding of the present invention. 

An embodiment of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings in which: 

Fig. 1 provides a diagrammatic view of an image 
so sensor portion of a solid state imaging device to- 

gether with associated vertical scanning circuitry 
in block diagram format, in accordance with an 
embodiment of the present invention; 
Fig. 2 is a partially schematic and partially block 
55 diagram illustrating circuitry employed in the em- 

bodiment of Ffg. 1 to read image signals accumu- 
lated in the picture elements of the image sensor 
portion thereof; 

Fig. 3 is a time chart illustrating horizontal scan- 
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ning signals produced for reading the picture ele- 
ments of a respective horizontal line of the image 
sensor portion in succession; and 
Fig. 4 is a time chart for use in explaining the op- 
eration of the vertical scanning functions carried 
out in both reading and resetting the picture ele- 
ments of the image sensor portion of the embodi- 
ment of Fig. 1. 

Referring now to the drawings and presently to 
Fig. 1 thereof, the image sensor portion 2 of a solid 
state imaging device in accordance with an advanta- 
geous embodiment of the present invention includes 
a plurality of picture elements (pixels) 1 which individ- 
ually combine the functions of a photosensor and an 
MOS or JFET transistor. Picture elements 1 are illu- 
strated symbolically in Fig. 1 as a plurality of vertically 
and horizontally distributed circles for simplicity and 
clarity. More particularly, the pixels 1 are disposed in 
vertical columns or lines and horizontal rows or lines 
such that the picture elements 1 of each column are 
coupled by a common respective vertical signal line 
7, and the picture elements 1 of each horizontal line 
or row of the matrix are arranged in a plurality of hor- 
izontal lines illustrated by representative ones thereof 
m and n. 

A first vertical scanning circuit 3 produces a read 
scanning signal which serves to select each of the 
horizontal lines of picture elements during a corre- 
sponding horizontal line period of a video signal in a 
predetermined order for reading the picture elements 
1 of each selected line. A second vertical scanning cir- 
cuit 4 produces a pair of reset scanning signals for use 
in resetting the picture elements of selected pairs of 
horizontal lines pursuant to correlation double sam- 
pling as well as to carry out an electronic shutter func- 
tion. More particularly, the first of the pair of reset 
scanning signals produced by the second vertical 
scanning circuit 4 serves to reset the picture elements 
in a selected horizontal line spaced by a predeter- 
mined number of lines from a horizontal line selected 
for reading during the same horizontal line period by 
the circuit 3. During the same line period and after the 
selected line is thus read, it is reset by the second of 
the pair of reset scanning signals from circuit 4, and 
then read again to read an empty signal from each 
picture element thereof, thus to carry out reading of 
the picture elements by correlation double sampling. 

The picture elements 1 of the Fig. 1 embodiment 
produce respective image signals by accumulating a 
charge representing an amount of light received 
thereby. When reset, each of the picture elements 1 
loses its accumulated charge. The second vertical 
scanning circuit 4 acts as an electronic shutter by re- 
setting the picture elements of each line in succession 
by means of the first of the pair of reset scanning sig- 
nals a predetermined number of lines (and thus a pre- 
determined time period) before the picture elements 
thereof are read. During the predetermined time per- 



iod, the picture elements each accumulate a charge 
proportional to the amount of light received thereby 
after reset by the f irst reset scanning signal and up to 
5 the time they are read. 

The first and second vertical scanning circuits 3 
and 4 comprise respective shift registers. The shift 
register included in the first vertical scanning circuit 
3 is supplied with a start pulse <t>V, n , while the shift 
10 register included in the second vertical scanning cir- 
cuit 4 is supplied with start pulses $Reset-in, thus to 
initiate the scanning signals when the respective start 
pulses are clocked into the shift registers. Each of the 
shift registers is supplied with the same shift clock 
is pulse <(>VSR for shifting the scanning signals there- 
through. Accordingly, the signals are shifted at the 
same rate through the two shift registers. 

The shift register of the vertical scanning circuit 

3 includes a plurality of outputs A 1f A 2 , ... A n each 

20 corresponding with one of the successively arranged 
stages of the shift register and a like-numbered one 
of the horizontal lines. A single shift pulse is clocked 
through the shift register of circuit 3, such that only 
one of the outputs (designated A,, in Fig. 1) is at a "1" 
25 state at any given time, the remainder being at a w 0" 
state. Only output A„ is illustrated in Fig. 1 for simpli- 
city and clarity. 

The shift register of circuit 4 includes a plurality 

of outputs B t . B 2 B m B n , each correspond- 

30 ing with one of the successively arranged stages of 
the shift register and a like-numbered one of the hor- 
izontal lines. Two separate shift pulses are clocked 
through the shift register of circuit 4, a f irst shift pulse 
constituting the first of the pair of reset scanning sig- 
35 nals and the second constituting the second of the 
pair. Consequently, first and second ones of the out- 
puts B m and B n of the shift register are at a 1 state at 
any given time, the remainder being at a 0 state. Only 
outputs B m and B„ of circuit 4 are illustrated in Fig. 1 
40 for simplicity and clarity. 

Each of the outputs A 1( A 2 A„ of the first 

vertical scanning circuit 3 is connected with a respec- 
tive one of a first set of inputs of a logic gate 5. while 

each of the outputs B 1f B 2 B n B m , ... is con- 

45 nected with a respective one of a second set of inputs, 
of the logic gate 5. The logic gate 5 has a plurality of 
outputs each of which corresponds with a respective 
one of the horizontal lines of the two-dimensional ma- 
trix of picture elements and is coupled therewith 
so through a driver 6. The logic gate 5 is operative to cou- 
ple either the respective outputs of the f irst scanning 
circuit 3 or the respective outputs of the second scan- 
ning circuit 4 with the like-numbered ones of the hor- 
izontal lines of the image portion 2. The logic gate 5 
55 has a control in put at whjph it receives a switching sig- 
nal <t»R and isfe^porfsive to a low level of the signal 
<(>R to apply the outputs A,. A 2 , ... A„ to the respec- 
tive horizontal lines through the drivers 6. and to a 
high level of the switching signal 4>R to couple the out- 
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puts B 1t B 2 B m B n to the horizontal lines 

through the respective drivers 6. Since the first and 
second reset scanning signals supplied at the outputs 
B m and B n are applied to their respective lines simul- 
taneously, the reset operation carried out during cor- 
relation double sampling effected by the scanning 
signal supplied at the output B n occurs at the same 
time as the electronic shutter reset effected by the 
scanning signal supplied at the output B m . 

Referring now to Fig. 2, image signal read circui- 
try of the Fig. 1 embodiment for reading the image 
signals accumulated in picture elements 1 by corre- 
lation double sampling, is illustrated therein. Each of 
the vertical signal lines 7 is connected through a low- 
er horizontal side of the image portion 2 to a node N1 
of a respective one of a plurality of read circuits, a rep- 
resentative one of which is described hereinafter. 

The node N1 of the representative read circuit is 
connected to a first terminal of the source-drain cir- 
cuit of an n-channel transistor Q1 , the second termi- 
nal of the source-drain circuit of transistor Q1 being 
coupled with a power source voltage V D o- Node N1 is 
also connected with a first terminal of the source- 
drain circuit of a p-channel transistor Q2. the second 
terminal of its source-drain circuit being coupled to 
ground. Transistor Q1 serves as a gate for the output 
of the respective vertical signal line 7 under the con- 
trol of a signal <t»S supplied to its gate. Transistor Q2 
serves as a load for the respective signal line 7 and 
receives an appropriate biasing voltage V G qi a* lts 
gate. 

A noise removal capacitor C c has a first terminal 
connected to node N1 and a second terminal con- 
nected to a node N2 and serves to accumulate a sig- 
nal output from the respective signal line 7 under the 
control of gate transistor Q1. The first terminal of the 
source-drain circuit of an MOS transistor Q3 is con- 
nected to node N2, the second terminal of the source- 
drain circuit being coupled to receive a clamp voltage 
Vdp. The gate of transistor Q3 is provided with a clamp 
pulse <t»d P which turns on transistor Q3 to clamp the 
node N2 to V dp such that noise, such as reset noise, 
is suppressed in the image signal read through cor- 
relation double sampling. 

Node N2 is also connected with the input of a buf- 
fer 8 which serves to couple the image signal selec- 
tively to the first terminal of one of a pair of capacitors 
C1 and C2 through the source-drain circuit of a re- 
spective one of a pair of MOS switching transistors Q4 
and Q5. The second terminal of each of capacitors C1 
and C2 is coupled with ground. Each of the capacitors 
C1 and C2 together with its respective switching tran- 
sistor Q4 and Q5 forms a sample and hold circuit for 
an image signal read from the corresponding picture 
element of a selected horizontal line. Control of each 
of switching transistors Q4 and Q5 is exercised by a 
respective one of a pair of sample and hold signals 
SH1 and SH2 supplied to the gate thereof. During 



successive horizontal periods, an alternate one of the 
transistors Q4 and Q5 is turned on during the horizon- 
tal blanking interval by a respective signal SH1 and 
s SH2, so that capacitor C1 serves to accumulate and 
hold image signals of even numbered ones of the hor- 
izontal lines while capacitor C2 serves to accumulate 
and hold image signals of odd numbered ones of the 
horizontal lines. 
10 The first terminal of capacitor C2 is coupled with 

a first terminal of the source-drain circuit of an MOS 
transistor Q7, while the first terminal of capacitor C1 
is connected with the first terminal the source-drain 
circuit of further MOS transistor Q6. The second ter- 
15 minal of the source-drain circuit of each of transistors 
Q6 and Q7 is connected in common to the gate of a 
further MOS transistor Q9. A first terminal of the 
source-drain circuit of transistor Q9 is coupled with 
voltage source V DD while the second terminal thereof 
20 is coupled with one of a pair of horizontal signal lines 
9_! and 9_ 2 . Each of the horizontal signal lines 9^ and 
9_ 2 is coupled with alternate ones of the plurality of 
read circuits through the source-drain circuits of re- 
spective transistors Q9, and is also coupled with a 
25 first terminal of the source-drain circuit of a respec- 
tive MOS load transistor Q10_ 1 and Q10_ 2 . The sec- 
ond terminal of the source-drain circuit of each of 
transistors Q10_i and Q10_ 2 is coupled to ground, 
while the gate terminals thereof are both coupled 
30 with a source of a biasing voltage V G G2- Each of the 
plurality of read circuits also includes an MOS reset 
transistor Q8 having a f irst terminal of its source-drain 
circuit connected with the gate of transistor Q9 and a 
second terminal thereof coupled to ground. 
35 A horizontal scanning circuit 10 has a plurality of 

outputs each of which is coupled with the gates of the 
transistors Q6 and Q7 of each of a first pair of adja- 
cent ones of the plurality of read circuits, as well as 
to the gates of transistors Q8 of each of an adjacent, 
40 second pair of the plurality of read circuits situated to 
the left of the first pair as depicted in Fig. 2. For pur- 
poses of simplicity and clarity only two successive 
ones of the outputs $K and <|>K+1 of the horizontal 
scanning circuit 10 are illustrated in Fig. 2. With ref- 
45 erence also to Fig. 3, the horizontal scanning circuit 
10 applies a scanning pulse successively to its out- 
puts proceeding from left to right as depicted in Fig. 
2 during each horizontal scanning period. According- 
ly, as illustrated in Fig. 3, the scanning pulse will be 
50 applied to the output <t>K of the circuit 10 at a prede- 
termined time during each horizontal scanning peri- 
od, so that the transistors Q6 and Q7 of a respective 
pair of the plurality of read circuits coupled with the 
output 4>K will then be turned on in order to output the 
55 image signal accumulated either on capacitor C1 or 
capacitor C2 of each of the pair of read circuits for that 
line. The image signal thus read out is applied to the 
gate of transistor Q9 acting as a source follower to ap- 
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ply the image signal in turn to a respective one of the 
horizontal lines 9_ t and 9_ 2 . At the same time, the tran- 
sistors Q8 of the immediately preceding pair of read 
circuits is turned on by the pulse applied to output <t>K 
thus to switch off the transistors Q9 of the preceding 
pair of read circuits. 

Thereafter output <t>K is brought low while output 
<(>K+1 goes high as the scanning pulse is applied 
thereto. Consequently, the next succeeding pair of 
read circuits is caused to output the stored image sig- 
nals to the horizontal signal lines 9_, and 9_ 2 , while the 
transistors Q8 of the pair of read circuits from which 
the image signals were read by the pulse previously 
applied to the output <|>K are turned on by the subse- 
quent pulse on the output (|>K+1 thus to turn off the 
transistors Q9 thereof. 

With reference now to Fig. 4, both the correlation 
double sampling read function and the electronic 
shutter function carried out by the embodiment of 
Figs. 1 and 2 are explained in connection therewith. 
Essentially, the solid state image pickup device of 
Figs. 1 and 3 reads the n th horizontal line by means 
of the read scanning signal and a first one of the reset 
scanning signals produced by the first and second 
vertical scanning circuits 3 and 4, respectively, during 
an n th horizontal scanning period, and during the 
same horizontal scanning period resets the m th hori- 
zontal line by means of the second reset scanning sig- 
nal produced by the second vertical scanning circuit 
4 to carry out the electronic shutter function. During 
the next subsequent horizontal line period, the n+1 th 
horizontal line is read in the same manner as the n th 
line, while the m+1 lh horizontal line is reset pursuant 
to the electronic shutter function in the same manner 
as the m th horizontal line was reset during the preced- 
ing horizontal line period. 

More specifically, and with reference to Fig. 4, a 
first horizontal line period is spanned by time seg- 
ments tl through t4. The horizontal blanking period of 
the first horizontal line period occurs during the time 
segment ti at which time the read and reset scanning 
signals are shifted by the circuits 4 and 5 for reading 
the n th horizontal line and resetting the m th horizontal 
line. It will be seen that during the subsequent time 
segment t 2 , the reset pulse <(>R is at a low level, so that 
the outputs of the first vertical scanning circuit 3 are 
applied by the logic gate 5 to the drivers 6, and the 
read scanning signal A,, is applied through a respec- 
tive driver 6 to the n th horizontal line during the time 
segment t 2 . 

Consequently, the image signals in all of the picture 
elements 1 in the n th horizontal line are each read to 
the respective vertical signal line 7 to be stored in the 
appropriate one of the capacitors C1 and C2 of the re- 
spective read circuit. 

During the following time segment t 3 . the inputs 
to the buffers 8 are clamped by virtue of the clamp 



pulse $ d p and the reset pulse <t>R is brought to a high 
level so that the outputs of the second vertical scan- 
ning circuit 4 are selected by the logic gate to be cou- 
5 pled to the drivers 6. Consequently, at that time the 
first and second reset scanning signals B m and B n are 
supplied through the drivers 6 to the m th and n th hor- 
izontal lines, respectively, to reset the picture ele- 
ments therein. It should be noted that the same voi- 
re? tage level is selected for the first and second reset 
scanning signals B m and B n which is selected at a lev- 
el higher than the level of the read scanning signal A„ 
in order to effect a reset of the picture elements in the 
selected horizontal lines. The second reset scanning 
15 signal B n applied to the n lh horizontal line resets all of 
the picture elements 1 therein in order to permit the 
picture elements in the n th horizontal line to be read 
subsequently during time segment U in order to read 
empty signals thereof representing dark current lev- 
20 els of the respective elements, pursuant to the corre- 
lation double sampling read technique. The reset of 
the picture elements 1 in the m th horizontal line during 
the segment t 3 carries out the electronic shutter func- 
tion so that the picture elements of this line will sub- 
25 sequently accumulate charge in proportion to the 
amount of light received thereby between reset and 
subsequent reading thereof. It will be seen, therefore, 
that the electronic shutter reset of the m th horizontal 
line occurs simultaneously with the read reset of the 
30 n lh horizontal line. 

As noted above, during the segment U, the empty 
signals of the picture elements in the n th line are read. 
Accordingly, the pulse <)>R is returned to a low level for 
the segment U to again couple the outputs of the f irst 
35 vertical scanning circuit 3 through the drivers 6 to the 
horizontal lines, so that the level of the read scanning 
signal An is then applied to the n th horizontal line in or- 
der to read the empty signals in the picture elements 
thereof which have been reset as described above. 
40 As seen in Fig. 4, at the beginning of the next hor- 

izontal line period, the shift clock <|>VSR is brought 
high to shift the read and reset scanning signals with- 
in the first and second vertical scanning circuits 3 and 
4, so that the read scanning pulse is shifted from line 
45 A n to line An +1 and the first and second reset scanning 
signals are shifted to lines B m+1 and B n+1 , respectively. 
During time segments te through the picture ele- 
ments in the n+1 th horizontal line are read by corre- 
lation double sampling, while the picture elements in 
so the m+1 th horizontal line are reset pursuant to the 
electronic shutter function, in the same manner as de- 
scribed above in connection with the n lh and m th hor- 
izontal lines. 

It will be seen from the foregoing that the elec- 
55 tronic shutter period is a function of the number of hor- 
izontal lines between'the n th and m th horizontal lines. 
In the illustration of Fig. 1. for example, the number 
of horizontal lines intervening between the m th line 
which is reset and the n th line which is read is equal 
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to (a+b), so that the fewer the number of horizontal 
lines which thus intervene, the shorter will be the 
shutter period. The number (a+b) may be selected as 
any number which provides a sufficiently long shutter 
period, provided that the lines n and m do not coin- 
cide. 

It will be seen from the foregoing that since the 
first and second vertical scanning circuits 3 and 4 are 
coupled to the same side of the two-dimensional ma- 
trix of picture elements, only one set of drivers 6 is re- 
quired, thus to reduce the impedance encountered in 
reading and resetting the lines of picture elements. 
Accordingly, an improved speed of operation may be 
achieved. By reducing the circuitry required for read- 
ing and resetting the image sensor portion of the de- 
vice, it is thus possible to provide additional space for 
the image sensor portion where the circuits of Fig. 1 
are fabricated on a signal substrate, thus to increase 
the number of picture elements which may be fabri- 
cated thereon, and consequently improve the resolu- 
tion of the image signal which can be produced. 

Since the second vertical scanning circuit 4 out- 
puts both of the first and second reset scanning sig- 
nals, the reset function carried out pursuant to the 
correlation double sampling read technique and the 
electronic shutter reset can be carried out at the same 
time. 

Although a specific embodiment of the invention 
has been described in detail herein with reference to 
the accompanying drawings, it is to be understood 
that the invention is not limited to the disclosed em- 
bodiment, and that various changes and modifica- 
tions may be effected therein by one skilled in the art 
without departing from the scope of the invention as 
defined in the appended claims. 



Claims 

1. A solid state imaging device, comprising: 

an image sensor including a two-dimen- 
sional matrix of picture elements arranged hori- 
zontally and vertically therein to form a plurality 
of vertically spaced horizontal lines thereof, the 
two-dimensional matrix of picture elements hav- 
ing first and second opposed vertical sides; 

the image sensor further including a plur- 
ality of vertical lines each coupling vertically dis- 
posed ones of the picture elements; 

a first vertical scanning means for cou- 
pling with the first vertical side of the two-dimen- 
sional matrix of picture elements for supplying a 
read scanning signal to the horizontal lines of pic- 
ture elements for selecting the horizontal lines 
thereof in a predetermined order at a predeter- 
mined switching speed for reading image signals 
from the picture elements of the selected horizon- 
tal lines accumulated therein; 



a horizontal scanning means for selecting 
individual ones of the picture elements in each 
horizontal line selected by the first vertical scan- 
5 ning means for reading the image signals accu- 

mulated therein through the plurality of vertical 
lines; and 

a second vertical scanning means for cou- 
pling with the first vertical side of the two-dimen- 

10 sional matrix of picture elements for supplying 

first scanning signals to the horizontal lines of 
picture elements at the first vertical side of the 
two-dimensional matrix of picture elements for re- 
setting the picture elements of the horizontal 

15 lines selected for reading by the first vertical 

scanning means, and for resetting the picture ele- 
ments of selected ones of the horizontal lines 
spaced from the ones thereof selected by the 
first vertical scanning means in a predetermined 

20 order and at a switching speed substantially the 

same as the predetermined switching speed of 
the first vertical scanning means. 

2. A solid state imaging device according to claim 1 , 
25 wherein the image sensor, the first and second 

vertical scanning means and the horizontal scan- 
ning means are fabricated on a common sub- 
strate. 

30 3. A solid state imaging device according to claim 1 . 

wherein the first and second vertical scanning 
means are operative to select the horizontal lines 
for reading and resetting, respectively, in accor- 
dance with a correlation double sampling techni- 

35 que. 

4. A solid state imaging device according to claim 1 , 
wherein the second vertical scanning means is 
operative to reset the picture elements of the se- 

40 lected ones of the horizontal lines spaced from 

the ones thereof selected by the first vertical 
scanning means such that the second vertical 
scanning means permits each of the picture ele- 
ments to accumulate a respective image signal 

45 for a predetermined period prior to reading there- 

of to carry out an electronic shutter operation. 

5. A solid state imaging device according to claim 1 , 
further comprising switching means for selective- 

so ly coupling one of the first and second vertical 

scanning means with the horizontal lines of pic- 
ture elements for selectively reading and reset- 
ting the picture elements thereof. 

55 6. A solid state imaging device according to claim 5, 
wherein the Switching means comprises a logic 
gate. 

7. A solid state imaging device according to claim 1 , 
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wherein the second vertical scanning means is 
operative to simultaneously select pairs of hori- 
zontal lines for resetting the picture elements 
thereof, the horizontal lines of each selected pair 
being spaced apart by a predetermined number 
of lines selected to establish a predetermined 
electronic shutter period for the picture elements 
of the image sensor. 

8. A solid state imaging device, comprising: 

an image sensor including a two-dimen- 
sional matrix of picture elements arranged hori- 
zontally and vertically therein to form a plurality 
of vertically spaced horizontal lines thereof, the 
two-dimensional matrix of picture elements hav- 
ing first and second opposed vertical sides; 

the image sensor further including a plur- 
ality of vertical lines each coupling vertically dis- 
posed ones of the picture elements; 

a f irst vertical scanning circuit operative to 
provide a f irst vertical scanning signal at an out- 
put thereof; 

a second vertical scanning circuit opera- 
tive to provide second and third vertical scanning 
signals at respective outputs thereof; 

a switching circuit coupled with the hori- 
zontal lines of picture elements at the first vertical 
side of the two-dimensional matrix and with the 
outputs of the first and second vertical scanning 
circuits, the switching circuit being operative to 
supply the first vertical scanning signal to the 
horizontal lines at the first vertical side during 
predetermined read periods to select first ones of 
the horizontal lines during respective ones of the 
predetermined read periods for reading the pic- 
ture elements therein; and 

a horizontal scanning circuit operative to 
provide a horizontal scanning signal at a plurality 
of outputs thereof each coupled with a respective 
one of the vertical lines to successively select 
picture elements in each of the selected first ones 
of the horizontal lines to read an image signal pro- 
duced thereby; 

the switching circuit being further opera- 
tive to supply the second vertical scanning signal 
to the selected first ones of the horizontal lines at 
the first vertical side of the two-dimensional ma- 
trix during a reset period to reset the picture ele- 
ments therein, and to supply the third vertical 
scanning signal at the first vertical side to second 
selected ones of the horizontal lines spaced from 
the selected first ones of the horizontal lines to 
reset the picture elements in the second selected 
ones of the horizontal lines. 

9. A solid state imaging device according to claim 8, 
wherein the switching circuit comprises a logic 
gate. 



10. A solid state imaging device according to claim 9, 
further comprising a plurality of storage devices 
for each storing the image signals read through 

5 respective ones of the plurality of vertical lines. 

11. A solid state imaging device according to claim 
10, wherein each of the plurality of storage devic- 
es comprises a capacitor for storing a charge rep- 

10 resenting the image signal read from a corre- 

sponding picture element. 

12. A solid state imaging device according to claim 8, 
wherein the switching circuit is operative to sup- 

15 ply the first and second vertical scanning signals 

to the selected first ones of the horizontal lines to 
read and reset the picture elements therein in ac- 
cordance with a correlation double sampling 
technique. 

20 

1 3. A solid state imaging device according to claim 8, 
wherein the switching circuit is operative to sup- 
ply the second and third vertical scanning signals 
simultaneously to selected pairs of horizontal 

25 lines, the lines of each pair being spaced apart by 

a predetermined number of lines selected to es- 
tablish a predetermined electronic shutter period 
for the picture elements of the image sensor. 

30 14. A method of reading and resetting a solid state 
imaging device including an image sensor having 
a two-dimensional matrix of picture elements ar- 
ranged horizontally and vertically therein to form 
a plurality of vertically spaced horizontal lines 
35 thereof, the two-dimensional matrix of picture 

elements having first and second opposed verti- 
cal sides, the image sensor further including a 
plurality of vertical lines each coupling vertically 
disposed ones of the picture elements, compris- 
40 ing the steps of: 

supplying a read scanning signal to the 
horizontal lines of picture elements through the 
first vertical side of the two-dimensional matrix of 
picture elements for selecting the horizontal lines 
45 thereof in a predetermined order at a predeter- 

mined switching speed for reading image signals 
from the picture elements of the selected horizon- 
tal lines accumulated therein; 

selecting individual ones of the picture eie- 
so ments in each horizontal line selected for reading 

the image signals accumulated therein through 
the plurality of vertical lines; 

supplying first reset scanning signals to 
the horizontal lines of picture elements selected 
55 for reading thjougrtsthe first vertical side of the 

two-dimehslonaf rhatrix of picture elements for re- 
setting the picture elements thereof; and 

supplying second reset scanning signals 
through the first vertical side to the picture ele- 

8 
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merits of selected ones of the horizontal lines 
spaced from the ones thereof selected for read- 
ing, in a predetermined order and at a switching 
speed substantially the same as the predeter- 5 
mined switching speed at which the horizontal 
lines are selected for reading. 
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(54) Solid state imaging device with electronic shutter. 

(57) A solid state imaging device includes an im- 
age sensor having a two-dimensional matrix of 
picture elements. A first vertical scanning cir- 
cuit provides a first vertical scanning signal, 
while a second vertical scanning circuit pro- 
vides second and third vertical scanning sig- 
nals. A switching circuit is coupled with 
horizonal lines of picture elements in the image 
sensor on one vertical side of the two-dimen- 
sional matrix and serves to switch either the 
first vertical scanning signal from the first verti- 
cal scanning circuit to the horizontal lines of 
picture elements, or in the alternative, the sec- 
ond and third vertical scanning signals from the 
second vertical scanning circuit thereto. When 
selected by the switching circuit, the first verti- 
cal scanning signal reads the picture elements CD 
in a respective horizontal line and a horizontal u_ 
scanning circuit scans the picture elements in 
the selected horizontal line to read image sig- 
nals from these picture elements. The second 
vertical scanning signal, when selected by the 
switching circuit, serves to reset the picture 
elements of the line which has been read, while 
the third vertical scanning signal serves to reset 
the picture elements in a different selected 
horizontal line. 
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